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The foundation of this Project is use of the opportunity available
during the ISTP era to compare solar wind measurements obtained simultaneously by three
spacecraft — IMP 8, WIND and INTERBALL~-1 at wide-separated points.
Using these data allows us to study three important topics:

— 1) the size and dynamics of near—Earth mid—scale (with dimension
about 1—10 million km) and small-scale (with dimension about
10—100 thousand km) solar wind structures;

—2) the reliability of the common assumption that solar wind
conditions at the upstream Lagrangian (L.1) point accurately
predict the conditions affecting Earth’s magnetosphere;

— 3) modification of the solar wind plasma and magnetic field in the
regions near the Earth magnetoshere, the foreshock and the
magnetosheath.

Our Project was dedicated to these problems. Our research has made
substantial contributions to the field and has lead others to
undertake similar work.

This Final Scientific Report contents short descriptions of the results

and includs the lists of conference reports and published papers.,
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Report of Results and Progress.

Our research during the period of operation (November 1999 — July 2002)
under this grant support was very successful and coincided well with
the plan presented in the original Proposal Summary in 1998.

The following investigations were performed:

1) We developed and checked the new method of solar wind data
comparison — the scattering function calculations.
The use of this method confirms rather well the results and
conclusions that obtained using the linear Pearson cross—correlation
procedure.
2) We continued comparison of IMP 8, WIND, INTERBALL~1 solar wind
measurements comparison for new data intervals and developed a huge
statistical base (several hundred thousands of measurements).
3) We selected cases with good correlations between two spacecraft
but poor with the third, or with poor correlations between all three
spacecraft and studied the conditions leading to such differences.
4) We prepared of data and developed criteria to study the dependence
of correlations on the various independent factors.
Multifactor analysis was used to determine the physical and
positioning factors that control the solar wind plasma and IMF
correlations.
5) As the result of correlation study we obtained (for the first
time) an estimate of the average persistence time and size of the
solar wind intermediate—scale structures.
6) Selection was done of intervals with simultaneous multi-spacecraft
observations in the undisturbed solar wind and in the foreshock and
magnetosheath regions.
7) We studied the large solar wind ion flux variations in the foreshock
and the magnetosheath in the wide range of periods (from seconds to
hours). These variations are the most important solar wind modification near
Earth and may play a significant role in magnetospheric
disturbances.
8) A statistical investigation was completed of sharp and large solar wind dynamic
pressure changes that are often geoeffectve.
9) Case study and statistical analysis of the plasma correlations
when large, sharp solar wind disturbances (pulses) are present using
high—time resolution data. Use these results to prepare pragmatic
recommendations for space weather prediction using upstream (at L1,
for example) solar wind monitor data.
10) Analysis of historical and recent data to determine the possible
solar cycle effect on the plasma correlations.
11) Detail study of solar wind modifications in the foreshock and
magnetosheath, their origins, their frequency spectra, the relations
between foreshock and magnetosheath changes, and their effects on
the magnetosphere.

The data base for our study were the long time series of solar wind measurements from IMP



8 with time resolution about 1 min., WIND with time resolution about 1.5 min.

INTERBALL—-1 with time resolution 1 sec.

The IMP 8 and WIND data were available for our work via our own
data archive in MIT and the large archive of space data in GSFC.

The INTERBALL~1 plasma (from several instruments) and magnetic
field data are conserved in Central STDA Archive of Space Research
Institute (IKI) in Moscow and were also available to the US
participants on the Project.

The pragmatic benefit of this work is the testing of the concept
of monitoring the solar wind (and IMF) at a rather distant point
from the Earth (e.g., in the well-known first libration point (1.1)
approximately 1.4 million km to the Sunward side of Earth) to use as
input data for studies and predictions of the effect of the solar
wind dynamics on Earth’s magnetosphere. Such monitoring is a major
part of the system of quick—look tracking of "space weather". Itis
thus especially important to know the "level of reliability” of such
predictions.

One serious limitation of the simple idea of using a distant
spacecraft to monitor the solar wind is that the solar wind can be
changed dramatically near Earth’s bow shock in the foreshock region.
This region is observed upstream of the quasi—parallel part of the
bow shock when magnetic field lines connect the spacecraft with the
bow shock and is characterized by a large level of upstream wave
activity, magnetic fluctuations, and streaming energetic particles
(due to reflection/energization at the bow shock or leakage from the
magnetosphere).

The foreshock features were intensively studied during the past 20
years, but this work dealt mainly with waves and energetic particles
and not with modifications of the solar wind itself. Our
study shows that there are large and fast variations of solar wind
ion flux (or density) in the foreshock and these variations are in
phase with magnetic field variations. This modification is important
because it changes the character of the solar wind which crosses the
quasi—parallel bow shock.

The next region of solar wind modification on its way to the
magnetoshpere is the magnetosheath. As shown during
this Project, there are a lot of solar wind variations in the
magnetosheath. Some of them originate in the solar wind but others
(maybe the majority) are created in the magnetosheath itself. The
problem is the clarification of these two types of plasma and
magnetic field variations.

So, we compared simultancous plasma and IMF parameter
variations in the undisturbed solar wind and in the foreshock and in
the magnetosheath using multi—spacecraft (by two or better three
spacecraft) measurements. We also studied the propagation of
large (and extremely large) solar wind plasma and IMF disturbances
through the foreshock and the magnetosheath. From this work we
obtained an estimate of the effect of solar wind modifications in the
foreshock and magnetosheath on the magnetospheric behavior.
According to our results this effect may be very significant and thus
geoeffective.

Thus, our research has a pragmatic benefit of increasing

and



the reliability of forecasting models for space weather purposes.

The

results of our joint investigation were presented in 30

reports at international conferences (see the list in point 2)

and

also 27 common papers have been published in or submitted to

journals and conference proceedings (see the list in point 3).
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One report was presented at the International Conference

'Problems of Geocosmos—3", Sankt—Petersberg, Russia, May 2000.
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One report was presented at the International Students Conference WDS’02
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Sagamihara, Japan, July 2002.



Totally 30 reports were presented at 18 Conferences.
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